arterial catheter in five may have further predisposed these infants to the development of necrotising enterocolitis. 20 A consequence of reduced blood flow to the lungs is reduced production of surfactant. 21 Hypoxia also predisposes to pulmonary vasoconstrictionI2 and failure to absorb lung liquid. This might account for the greater number ofcases ofrespiratory disease seen in babies in group 1, with the associated complications of interstitial emphysema, pneumQthorax, patent ductus arteriosus, and intraventricular haemorrhage. Similarly, reduction of blood flow and resultant hypoxia in a number of fetal tissues might explain the findings of thrombocytopenia, coagulopathy, and bleeding, which are recognisable components ofdisseminated intravascular coagulation-a known consequence of hypoxia. 23 Curtailed blood flow to skin, muscle, and kidneys and consequent hypoxic damage would account for the severe peripheral oedema and renal failure seen in two babies in group 1.
Traditional criteria for assessing fetal health correlate well with asphyxia and therefore by definition alert the physician to severe compromise that is already present. The results ofsuch an approach in our cases shows the need to devise other methods which would allow earlier diagnosis of critical fetal compromise before irreversible damage occurs. The assessment of fetal blood flow might form the basis of such a method. Though these blood flow findings are evident as much as three weeks in advance of an abnormal cardiotocogram, and the persistence of this phenomenon heralds a poorer outcome, the time scale ofthese events has not been clearly elucidated. When deciding the optimal time for delivery of such a compromised fetus a fine balance must be struck between the risks of prematurity and the sequelae of the circulatory effects described above. More detailed studies of the evolution and momentum of these changes in waveform pattern and possibly the use' of additional techniques such as ultrasound guided fetal blood sampling24 are likely to advance our management of these high risk pregnancies.
Introduction
Heavy snoring, which is almost always present in obstructive sleep apnoea, seems to be associated with arterial hypertension. '4 During sleep patients with apnoea may develop hypoxaemia and hypercapnia in association with increased pulmonary and systemic arterial pressure and increased susceptibility to cardiac arrhythmias.7-"' The cardiac index decreases during an apnoeic episode and increases appreciably at the resumption of ventilation."2 There is mounting evidence for an association between snoring and cardiovascular disease. Cross sectional surveys have indicated an association with ischaemic heart disease' and angina pectoris'; the association with angina held even after adjustment for history of hypertension. A case-control study of patients with stroke found a relative risk of 2-8 for snorng and of 10-8 for habitual snoring.' It remains unclear whether snoring is associated with the risk of cardiovascular disease independently of hypertension and whether snorers who do not have sleep apnoea have an increased risk. Prospective studies of snoring in relation to -cardiovascular disease have not been reported.
We investigated the predictive value of snoring for ischaemic heart disease and stroke during a three year follow up in a population of 4388 men aged 40-69. We studied only men because both snoring and cardiovascular disease are more common in men than women.
Methods
The Analyses were also done separately for men free of ischaemic heart disease (not reporting angina pectoris or myocardial infarction at the beginning of follow up) and for men with ischaemic heart disease. Possible bias towards non-snorers was accounted for by excluding from the analysis men without a cohabiting partner (n=410). BRITISH MEDICAL JOURNAL VOLUME 294 3 JANUARY 1987 plus frequent snorers and occasional snorers plus non-snorers. The relative risk of death from stroke was 3-59 (p>0-05) between habitual plus frequent snorers and occasional snorers plus non-snorers. The age adjusted relative risk ofan ischaemic heart disease event (death or hospital episode) between habitual plus frequent snorers and non-snorers was 1-91 (p<0-01) and of ischaemic heart disease or stroke, or both, 2-38 (p<0-001) (table V). The group ofnon-snorers did not include any men with stroke (observed:estimated=0:4-33; p=0-013 according to Poisson distribution). The estimated relative risk of stroke (extrapolated from the risk of ischaemic heart disease or stroke, or both, and the risk of ischaemic heart disease) between habitual plus frequent snorers and non-snorers was (p<0-01).
The age adjusted relative risks between habitual plus frequent snorers and occasional snorers plus non-snorers were 1-61 (p<0 01) for an ischaemic heart disease event, 1-40 (NS) for stroke, and 1-57 (p<0-01) for ischaemic heart disease or stroke, or both. Adjustment for age, body mass index, history of hypertension, smoking, and alcohol use did not significantly decrease the association between snoring and incidence of disease: the relative risk between habitual plus frequent snorers and non-snorers was 1-71 for ischaemic heart disease (p>0-05) and 2-08 (p<0-01) for ischaemic heart disease or stroke, or both (table V). The exclusion from the analysis of men without cohabiting partners did not essentially change the results: the relative risk between habitual plus frequent snorers and non-snorers for ischaemic heart disease was 1-81 (p<0-05) and for ischaemic heart disease or stroke, or both, 2-26 (p<0-05).
At the beginning of the follow up 462 men reported angina pectoris or myocardial infarction. Ischaemic heart disease was recorded in 80 of these men and stroke in 10. The relative risk of ischaemic heart disease between habitual plus frequent snorers and non-snorers was 1-30 (NS) and between habitual plus frequent snorers and occasional snorers plus non-snorers 1-03 (NS). In men without previous ischaemic heart disease the corresponding ratios were 2-72 (p<0 05) and 1-89 (p<0-05). Table VI shows the age adjusted incidence and relative risk of ischaemic heart disease and stroke for men with and without previous ischaemic heart disease by snoring category. The diurnal distribution of deaths from ischaemic heart disease showed a non-significant difference: 91% (10/11) of habitual and frequent snorers and 55% (11/20) of occasional snorers and non-snorers died before 4 pm. NA=Not applicable because no men with stroke among never snorers.
hospital patients). The total number ofmen with ischaemic heart disease and stroke was 187 (four men had both diseases) (table III) . Table IV shows the mortality during the 35 months of the study. The age adjusted mortality ratio between habitual plus frequent snorers and occasional snorers plus non-snorers was 1-58 (p<0-05) for cardiovascular diseases, 0-71 (NS) for other diseases, and 1-55 (NS) for violent deaths. Forty eight men died from ischaemic heart disease during follow up: 19 habitual and frequent snorers, 27 occasional snorers, and two non-snorers. Mortality from ischaemic heart disease (per 100 000/year) in the cohort was 155, 509, and 806 for age groups 40-49, 50-59, and 60-69; the corresponding figures for the Finnish population were 145, 537, and 1305 in 1982. Mortality from ischaemic heart disease was 503 in habitual and frequent snorers, 354 in occasional snorers, and 143 in non-snorers. The relative risk of death from ischaemic heart disease was 3-52 (p<0-05) between habitual plus frequent snorers and non-snorers and 1-48 (p>0-05) between habitual
Discussion
The response rate was 75% among men aged 40-69 and 84% among the whole cohort. Mortality from ischaemic heart disease among the men who responded, however, did not differ much from that among all Finnish men of the same age. The ratio of mortality from ischaemic heart disease among the cohort to that among the general population was 107% in those aged 40-49, 95% in those aged 50-59, and 62% in those aged 60-69. Thus selection operated only in the oldest age group.
In 1986 a sample of the men in this study (n=38: 17 habitual snorers, 10 occasional snorers, and 11 non-snorers) underwent sleep recording for a single night using the static charge sensitive bed method (Bio-Matt) for measuring body and respiratory movements, with a microphone to record snoring sound and an oximeter (BIOX III) to measure blood oxygen saturation transcutaneously (Telakivi T, et al; 8th European congress of sleep research, Hungary, 1986). Six (35%) of the habitual snorers had an apnoea index exceeding 10, indicating the sleep apnoea syndrome. Thus the preliminary estimate ofthe prevalence ofsleep apnoea in men aged 40-69 was 3% (0-35xO009, where 0-09=the prevalence of habitual snoring). The mean oxygen saturation during sleep was significantly lower in habitual snorers than non-snorers. A quarter of habitual snorers were found to have arterial hypertension requiring treatment, while the corresponding figure for non-snorers was 9%.
Analysis of snoring spikes per hour of sleep showed that all men who reported snoring in the 1981 questionnaire also snored during the recordings. Four of the 11 men (36%) who had reported never snoring, however, snored during sleep. Thus self reported snoring seems to correspond well with sleep laboratory findings in the case of habitual snorers but to be less reliable in the case of non-snorers, one ofwhom had an apnoea index ofover 10 with a snoring index of over 7. Thus the estimated relative risk between snorers and nonsnorers is probably underestimated. A previous report of men in this study showed that men living alone were less likely to report habitual snoring and more likely to classify themselves as nonsnorers than married subjects. 6 The exclusion of such men from the analysis, however, did not change the results.
The validity of self reported hypertension and previous ischaemic heart disease can be questioned. The predictive value of these risk factors, however, was significant and expected in magnitude. Self reported use ofalcohol (by the Finnish twin cohort) corresponded to 41% of the sales figures; this was a higher figure than that obtained in interview studies. The non-response rate in the questionnaire study of the Finnish twin cohort was 11% for the whole cohort, 27% for those who had been admitted to hospital because of alcoholism during the three years before the study, and 42% for those who had been admitted because of alcohol intoxication in the previous three years. The role of heavy alcohol use could not be estimated in this study. 19 Earlier findings on the association ofsnoring with ischaemic heart disease' 2 6 13 and stroke'4 are cross sectional. In this first prospective study snoring was associated with the age adjusted risk ofischaemic heart disease. The relative risk between snorers and non-snorers was 191 (p<0-01). These results are consistent with earlier cross sectional findings, which indicated that habitual snorers might be at high risk of myocardial infarction. The association of snoring with ischaemic heart disease was independent of body mass index, hypertension, smoking, and alcohol use. The relative risk of ischaemic heart disease by snoring category was significant in healthy men (not reporting a history ofangina pectoris or myocardial infarction) but not in men with previous ischaemic heart disease. The role of snoring as a risk factor seems to decrease after the first ischaemic event-that is, the role ofother risk factors increases. The incidence of ischaemic heart disease, however, was high (17%) in men with previous ischaemic heart disease compared with men without (2%). Possibly, self reporting of snoring is less valid among men with ischaemic heart disease compared with men without.
Snoring was also associated with the risk of stroke. It was not possible to calculate the relative risk between habitual plus frequent snorers and non-snorers as there were no cases of stroke among the non-snorers (p=0-013). The risk of stroke between habitual plus frequent and occasional snorers was small (1-2% v 1 -0%/).
Present knowledge of the pathophysiology of sleep apnoea suggests that the increased incidence of cardiovascular diseases in snorers is best explained by obstructive sleep apnoea. Some reports on populations of working age suggest a prevalence of 1-2%0 21 Obstructive sleep apnoea is characterised by periodic episodes of apnoea and total collapse of the upper airway during sleep. The frequency and duration of apnoea vary. In the most severe cases there may be more than 300 apnoeic episodes during one night with a duration of 10-30 S.3 4In heavy snorers with sleep apnoea the blood oxygen saturation during sleep decreases significantly. In severe sleep apnoea oxygen saturation may fall below 70%/; it is normally over 95%.4 After an apnoeic episode the pulmonary and systemic arterial pressure increase temporarily,'2 straining the heart, especially the right side, and the susceptibility to cardiac arrhythmias is increased.'-"
A recent study reported an appreciable circadian rhythm in the onset of acute myocardial infarction, with a threefold increase in the morning." This may be related to preceding nocturnal myocardial ischaemia. In this study the time of onset of symptoms was not recorded in most of the death certificates. The time of death from ischaemic heart disease was recorded in 65% of cases. Probably a substantial proportion ofthe men whose time ofdeath was unknown (35%) died when they were asleep. The diurnal distribution of deaths from ischaemic heart disease, however, showed a nonsignificant difference by snoring state, suggesting that the time of death of snorers was earlier than that of non-snorers.
We can speculate that low oxygen saturation in patients with apnoea during sleep has an unfavourable effect on the activity of lipoprotein receptors, leading to increased serum low density lipoprotein cholesterol concentrations. 23 There are no reports of the relation of sleep apnoea to blood lipid concentrations. In a subsample of this study (n=91) total cholesterol, low density lipoprotein cholesterol, and high density lipoprotein cholesterol concentrations were analysed by snoring state and no differences found (unpublished data). The role ofthrombocyte aggregation and coronary spasm in sleep apnoea is unclear.
The results ofthis study suggest that snoring may be an important determinant of the risk of ischaemic heart disease and that the risk associated with snoring is independent of body mass index, hypertension, and smoking. Snoring also predicted stroke, but the number of cases was small for detailed analysis.
